Chitinase activity has been detected in grape leaves and berries.7'8' We previously investigated the change in chitinase activity in Koshu leaves and berries during development and its induction by elicitor (glycolchitin) treatment.8' In grape ber ries, basic chitinase activity, with a maximum at pH 8.0, occurs after veraison, and its induction by glycolchitin treatment occurs only before veraison. In contrast, acid chitinase activity, with a maximum at pH 4.0, increases throughout grape development and its induction by glycolchitin treatment occurs after veraison. However, little is known about the enzymological characteristics of chitinases present in ripening grapes and their physiological role. The present paper describes the purification of an induced chitinase from Koshu grapes elicitated with glycolchitin as well as its characteristics and antifungal activity against a pathogenic mold (Botrytis cinerea ).
MATERIALS AND METHODS
Elicitation of Koshu grapes. Koshu grape berries (90 days after anthesis) were dipped in 1 % glycolchitin solution containing 25% ethanol. The grapes were harvested at 24 h after treatment. After the seeds had been removed, the berries were immediately frozen in liquid nitrogen and stored at -80°C until use .
Purification of elicitor-induced chitinase. The grape sample (450 g) was homogenized (15,000 rpm, 2 min) in the same volume of 0.2 M Mops buffer (pH 7.5) containing 0.5 M NaCI, 0.2% cysteine and 1 % polyethyleneglycol #4000. This was followed by centrifugation at 20,000 X g for 10 min. The protein fraction was precipitated from the supernatant by adding solid ammonium sulfate *Conesponding author .
(80% saturation). The precipitated protein fraction collected by centrifugation (7500 X g, 10 min) was dissolved in 20 mM potassium phosphate buffer (pH 7.0) and dialyzed against the same buffer. This was loaded onto a chitin affinity column of Chitopearl BL-3 (2.0 X 40 cm, Kanto Chemicals) which had been equilibrated with 20 mM potassium phosphate buffer (pH 7.0). After washing the column with 500 mL of the same buffer, the enzymes were eluted with 100 mL of 0.1 M acetic acid (pH 3.1) at a flow rate of 1.0 mL/min. The obtained enzyme fraction was loaded onto an anion-exchange column of HiTrap Q (5 mL, Pharmacia) which had been equilibrated with 20 mM potassium phosphate buffer (pH 6.5). After washing the column with 150 mL of the same buffer, the enzymes were eluted with a linear gradient from 0 to 0.5 M NaCI in the same buffer at a flow rate of 1.0 mL/min. Assay of chitinase activity. Chitinase activity was determined by measuring the increase in reducing power of the reaction mixture.9' A reaction mixture consisting of 1.0 mL of a substrate solution (0.1% glycolchitin in 50 mM sodium acetate buffer, pH 4.0 or 50 mM phosphate buffer, pH 8.0) and 100 , L of the enzyme solution was incubated at 37°C for 1 h. The reaction was stopped by adding 2 mL of 0.5 M potassium ferricyanide. After boiling the stopped solution mentioned above for 15 min, the absorbance at 420 nm was measured. The amount of reducing groups was calculated on the basis of the calibration curve with N-acetyl-D-glucosamine. One unit (U) of enzyme activity was defined as the amount of enzyme that catalyzed the liberation of reducing sugar equivalent to 1 pmol of N-acetyl-D-glucosamine from the substrate per minute under the above conditions.
Assay of antifungal activity. Inhibitory activity of the purified enzyme to hyphal growth of Botrytis cinerea was determined on a potato dextrose-agar (PDA) plate.5°lo' A small block of potato dextrose-agar containing fungal hyphae excised from the edge of an actively growing culture was placed at the center of the plate, and the plate was incubated at 25°C. After the fungal colony diameter had reached 1.5 cm, sterile filter paper discs were laid on the agar surface, and 50 p L of the solutions to be tested were applied to the discs.
The plate was further incubated at 25°C, and the growth of the fungal hyphae was monitored visually.
Electrophoresis.
Polyacrylamide gel electrophoresis (PAGE) was carried out according to the method of Laemmli." The protein band of PAGE gel was detected by a silver staining kit (Kanto Chemicals). Chitinase activity was visualized in an overlay substrate gel.'' After electrophoresis, PAGE gel was covered with a 7.5% polyacrylamide overlay gel containing 0.05% glycolchitin. The gels were incubated at 37°C for 24 h in 0.1 M sodium acetate buffer (pH 4.0). The overlayed gel was rinsed with 0.5 M Tris-HC1 buffer (pH 8.9), and then stained in 0.01% fluorescent brightener 28 (Sigma) in the same buffer for 5 min. The stained gel was incubated in water over 2 h. The chitinase band was visualized as clear zones by placing the overlay gels on a UV transilluminator.
Amino acid sequence determination. The enzyme (5 p g) was blotted on a PVDF membrane using a Prosorb cartridge (PE Biosystems), and then analyzed by a Procise 491 protein sequencer (PE Biosystems).
RESULTS
Purification of induced chitinase. The protein fraction salted out with solid ammonium sulfate (80% saturation) from the crude extract of the grapes (with or without glycolchitin treatment) was chromatographed on an affinity column of Chitopearl BL-3. Most of the chitinases in the protein fractions were recovered from the chitin column. Anion-exchange chromatography (Hi-Trap Q) of both chitinase fractions showed many chitinase peaks (Fig. 1) . The acidic chitinase activity (at pH 4.0) in fraction number 48 of the glycolchitin-treated grapes increased remarkably compared to that of untreated grapes (Fig. 1 ). Fraction number 48 of Fig. 1 (glycolchitin treatment) was rechromatographed using a HiTrap Q column. The fraction was loaded onto a HiTrap Q column (1 mL) which had been equilibrated with 20 mM po- The chitin-binding fraction was loaded onto an anion-exchange HiTrap Q column (5 mL, Pharmacia) equilibrated with 20 mm potassium phosphate buffer (pH 6.5). The chitinase activity of each fraction was measured at pH 4.0 (•) and pH 8.0 (0). Fraction number 48 of Fig. 1 was rechromatographed using a HiTrap Q column (1 mL). O, chitinase activity (pH 4.0); •, absorbance at 280 nm. Polyacrylamide gel electrophoresis (PAGE) was carried out according to the method of Laemmli."' The protein band of PAGE gel was detected by silver staining. Chitinase activity was visualized as clear zones in an overlay substrate gel (active staining). tassium phosphate buffer (pH 6.5). After washing the column with 30 mL of the same buffer , the enzymes were eluted with a linear gradient from 0 to 0.5 M NaCI in the same buffer at a flow rate of 0.2 mL/min. This rechromatography yielded a single protein peak with chitinase activity ( Fig. 2A) . Fraction number 13 of Fig. 2A showed a single protein band on PAGE (Fig. 2B) . Active staining analysis of this fraction using an overlay substrate gel showed a single band corresponding to the protein band (Fig. 2B ). This chitinase fraction was used in the subsequent characterization as a purified fraction of the induced chitinase. The yield and specific activity of the enzyme at each purification step are summarized in Characteristics of induced chitinase. The effects of pH and temperature on enzyme activity and stability were measured. The enzyme activity at various pHs was measured under standard assay conditions (2.5 mU) except for the use of 0.2 M McIlvaine buffer (pH 2.5 to 7.5). The optimum pH of the induced chitinase was 4.0 ( Fig. 3A) . In order to investigate enzyme stability at various pHs, each enzyme solution (2.5 mU) was mixed with 0.2 M McIlvaine buffer (pH 2.5 to 7.5) and pre-incubated at 40°C for 1 h. The mixture was then adjusted to pH 4.0 by adding 0.2 M sodium acetate buffer (pH 4.0). The remaining activity of the treated enzymes was assayed under standard assay conditions. The enzyme was stable under acidic conditions between pH 5.0-6.5 ( Fig. 3A) . Enzyme activity at various temperatures (20 to 100°C) was measured at pH 4.0. Regarding the heat stability of the enzyme, enzyme solutions (2.5 mU, pH 6.0) were pre-incubated at various temperatures (20 to 90°C) for 10 min, and then cooled in an ice-water bath. The remaining activity of the treated enzymes was assayed under standard assay conditions. The optimum temperature was 40°C, and the enzyme was stable below 40°C The N-terminal amino acid sequence of a class III chitinase from Pinot Noir is cited from Ref. 12) . Asterisk (*) shows identical residues in the amino acid sequences and X signifies an unknown residue.
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( Fig. 3B) .
To test the antifungal activity, aliquots of a sterile filtrated chitinase fraction, a heated chitinase fraction and sterilized water were added to filter discs on a PDA plate previously inoculated with Botrytis cinerea hyphae. In the following 5 days, a distinct inhibition zone developed around the filter treated with the sterile filtrated chitinase. This phenomenon was not observed on the filters treated with heated chitinase or sterilized water (Fig. 4) .
The N-terminal amino acid sequence of the induced chitinase was NH2-GTITVYXGQNGN, which is highly homologous with that of the class III chitinase of Vitis vinifera L. cv Pinot Noir12! ( Fig. 5 ).
DISCUSSION
The anion-exchange chromatogram of a chitinbinding fraction from Koshu grapes indicated that many chitinases were present in the mature grapes ( Fig. 1) . These chitinases can be classified into two types based on their optimal pH, namely acidic (pH 4.0) and basic (pH 8.0) chitinases. Both acidic and basic chitinases increased at the onset of ripening of healthy grapes, regardless of the glycolchitin treatment." Robinson et al. 13 ) cloned class IV chitinase cDNAs from Shiraz grapes and found that mRNA expression was higher 12 to 16 weeks post-flowering, which coincides with sugar accumulation and increased chitinase activity. Chellemi and Marois141 exposed healthy grapes at various stages of development to powdery mildew and found that the grapes became resistant to infection above 7°Brix. Thus, this constitutive expression of the chitinase genes and proteins after veraison appears to contribute to an increased resistance to mold infection. 
